SPECIFICATION 

TITLE OF THE INVENTION 
Portable terminal 

TECHNICAL FIELD 

The present invention relates to a portable terminal 
used both as a portable phone terminal and as an on-board 
machine in a drive-thru automatic toll collection system 
which performs automatic payment of the toll, when a vehicle 
passes a tollgate of a toll road (for example, a highway), 
without stopping. 

BACKGROUND ART 

Conventionally, road improvement cannot follow the 
increase in the traffic volume, due to a delay in the 
administrative management of a nation, or a district 
government, and traffic jams are becoming a social problem. 
In particular, near a tollgate of a toll road, vehicles must 
stop temporarily in order to receive a pass and pay the toll, 
and hence traffic jams tend to occur. 

Therefore, a drive-thru automatic toll collection 
system (ETC: Electronic Toll Collection System) has been 
recently developed as a unit which alleviates traffic jams, 
and has been already experimentally operated in some toll 
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roads. This electronic toll collection system is a system 
in which tolls are automatically paid by performing radio 
communicationbetweenan on-board machine for the ETCmounted 
on a vehicle and a roadside radio equipment for the ETC 
installed at a tollgate . In this electronic toll collection 
system, it is not necessary for vehicles to stop temporarily 
at the tollgate, and hence it is considered promising as 
a unit which effectively alleviates traffic jams. 

Fig. 6 is a diagram which explains a summary of a 
conventional electronic toll collection system. As shown 
in this figure, the electronic toll collection system is 
roughly constituted of an ETC on-board machine 2 and an IC 
(integrated circuit) card 3 mounted on a vehicle 1, and an 
ETC roadside radio equipment 4 installed at tollgates in 
toll roads. The ETC on-board machine 2 performs radio 
communication with the ETC roadside radio equipment 4, by 
a full duplex communication system using a radio wave in 
a 5.8 GHz band.. 

Fig. 7 is a diagram showing the appearance and 
construction of the ETC on-board machine 2 . The ETC on-board 
machine 2 shown in this figure is installed on a dashboard 
of a vehicle 1 (see Fig. 6) . A transmission/reception 
circuit (not shown) is built in a housing 2a. A display 
2c which displays the toll or the like of the toll road, 
an operation button 2e which is pressed by a driver at the- 
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time of various operations and a power button 2f which turns 
on/off the power source are respectively arranged on an 
operation panel 2b. An IC card insertion slot 2d is also 
formed on the operation panel 2b, to which the IC card 3 
(see Fig. 8) is inserted. 

The IC card 3 shown in Fig. 8 comprises a base material 
3a and an IC 3b. The base material 3a is formed in a thin 
plate shape from PVC (vinyl chloride polymer) , PVCA (vinyl 
chloride-vinyl acetate polymer) or the like . The thickness 
of this base material 3a is 0.76 mm. The IC 3b is formed 
of a CPU (central processing unit) which controls each 
section, a non-volatile memory which stores ETC information 
J and a volatile memory, which are not shown here. 

The ETC information J is the information necessary 
for payment of the toll of the toll road, and comprises deposit 
information, entrance information, exit information, use 
amount information and route information. The deposit 
information is the information comprising the amount 
deposited in the bank account of a user for payment of tolls 
of toll roads and the date of deposit. In the example shown 
in the figure, "1999/08/10 Deposit ¥10,000" is the deposit 
information. In the electronic toll collection system, the 
amount of use is automatically deducted from the bank 
account . 

The use amount information is the information 
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comprising tolls of toll roads, the date of use, the balance 
in the bank account and date of balance inquiry. In the 
example shown in Fig. 8, "1999/08/11 Amount of use ¥1,500" 
and "1999/08/13 Amount of use ¥3, 000" are the use amount 
information. The entrance information is the information 
comprising the name of the entrance (interchange, junction, 
etc. ) of. the toll road and the date when the vehicle 1 passes 
the entrance. In the example shown in the figure, 
"1999/08/11 Entrance ABC interchange" is the entrance 
information. 

The exit information is the information comprising 
the name of the exit (interchange, junction, etc.) of the 
toll road and the date when the vehicle 1 passes the exit. 
In the example shown in the figure, "1999/08/11 Exit DEF 
interchange" is the exit information. The names of the exit 
and entrance are generally names of tollgates in the toll 
road. The route information is the information showing the 
traffic route of the vehicle 1. 

The above-described IC card 3 is inserted into the 
card insertion slot 2d (see Fig . 7 ) of the ETC on-board machine 
2 shown in Fig. 6. The ETC on-board machine 2 receives the 
deposit information, entrance information, route 
information, exit information, and use amount information 
via radio waves from the ETC roadside radio equipment 4, 
and writes these information in the IC card 3. The ETC 
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on-board machine 2 also reads the entrance information and 
the route information from the IC card 3 and transmits these 
to the ETC roadside radio equipment 4 via radio waves. 

A plurality of ETC roadside radio equipments 4 shown 
in Fig. 6 is installed at the tollgate of the toll road. 
That is, the plurality of ETC roadside radio equipments 4 
is installed at the entrance and the exit of the toll road. 
The ETC roadside radio equipment 4 installed at the entrance 
transmits the above-mentioned route information and 
entrance information to the vehicle 1 approaching the 
entrance. 

On the other hand, the ETC roadside radio equipment 
4 installed at the exit receives the entrance information 
and the route information from the ETC on-board machine 2, 
and then transmits the exit information and the use amount 
information to the ETC on-board machine 2 of the vehicle 
1. The amount of use in the use amount information is 
calculated by a toll calculation computer (not shown) on-line 
connected with the ETC roadside radio equipment 4 , based 
on the entrance information, route information and exit 
information . 

In the above construction, when the vehicle 1 shown 
in Fig. 6 approaches an entrance of the toll road, the ETC 
on-board machine 2 receives the route information and the 
entrance information from the ETC roadside radio equipment 
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4 installed at the entrance, and then writes these 
information in the IC card 3. During this operation, the 
vehicle 1 passes through the entrance without stopping, and 
goes down the toll road. 

When the vehicle 1 approaches an exit of the toll road, 
the ETC on-board machine 2 receives the exit information 
from the ETC roadside radio equipment 4 installed at the 
exit, and reads the entrance information and the route 
information from the IC card 3 and then transmits these 
information to the ETC roadside radio equipment 4 . Thereby, 
the ETC roadside radio equipment 4 receives the entrance 
information and the route information, and transmits the 
entrance information, the route information and the exit 
information to the toll calculation computer online. 

The toll calculation computer calculates the toll of 
the toll road for the vehicle 1, based on the entrance 
information, the route information and the exit information, 
and automatically deducts the amount of use from the bank 
account of the user. The toll calculation computer then 
transmits the amount of use and the balance in the bank account 
after the deduction as the use amount information to the 
ETC roadside radio equipment 4 online. 

Thereby, the ETC roadside radio equipment 4 transmits 
the use amount information to the ETC on-board machine 2 
of the vehicle 1. The ETC on-board machine 2 receives the 
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use amount information from the ETC roadside radio equipment 
4, and writes these in the IC card 3, as well as displaying 
the amount of use on the display 2c. During this operation, 
the vehicle 1 passes through the exit without stopping, and 
goes down the ordinary road (free road). 

As described above, . the conventional electronic toll 
collection system allows payment of the toll of the toll 
road without making the vehicle 1 stop at the entrance and 
the exit of the toll road, and hence it is excellent as a 
unit which alleviates traffic jams. 

In order to effectively use the electronic toll 
collection system, it is essential to increase the rate of 
installation of the ETC on-board machine 2 in all vehicles 
traveling the toll road. In other words, it is a decisive 
factor how to encourage owners of ordinary vehicles to 
install the ETC on-board machine 2, in order to establish 
this electronic toll collection system as the infrastructure . 
That is to say, it is important to provide an ETC on-board 
machine 2 which stimulates buying intention of the user. 

Normally, when consumers buy car-related products, 
they decide whether to buy or not, taking into consideration 
that it is not expensive, easy to install, easy to use, etc. 
as the examination items. However, since the electronic 
toll collection systemis in an initial stage of introduction, 
there is a problem in that the production cost of the ETC 




on-board machine 2 is high. 

Further, it is assumed that the ETC on-board machine 
2 is installed on the dashboard of the vehicle. However, 
since car navigation systems are popular before the 
5 introduction of the electronic toll collection system, the 
display for the car navigation system has already been 
installed on the dashboard of the vehicle, and there may 
be no space which installs the ETC on-board machine 2. 

As described above, since the ETC on-board machine 
10 2 does not always stimulate the buying intention of users, 
there are problems heretofore in establishing the electronic 
toll collection system as the infrastructure. 

It is an object of the present invention to provide 
a portable terminal by which users can use the electronic 
15 toll collection system at a low cost, and which can establish 
the electronic toll collection systemas the inf rastructure . 

DISCLOSURE OF THE INVENTION 

In order to achieve the above object, the present 

20 invention comprises a portable phone unit (corresponding 
to a portable phone control section 121 in one embodiment 
described below) which performs processing related to a 
portable phone via a radio wave in a first frequency band, 
an automatic toll collection unit (corresponding to a common 

25 control section 141 in one embodiment described below) which 
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has a function as an on-board machine in an electronic toll 
collection system and transmits and receives automatic toll 
collection information related to automatic toll collection 
to and from a radio equipment installed at a tollgate via 
radio wave in a second frequency band different from the 
first frequency band, and a control unit (corresponding to 
a common control section 141 in one embodiment described 
below) which controls switching between the function of the 
portable phone unit and the function of the automatic toll 
collection unit, according to the frequency band of the 
received radio wave. 

According to this invention, when the radio wave in 
the first frequency band is received, the function of the 
portable terminal is switched to the function of the portable 
phone unit by the control unit. As a result, the portable 
terminal functions as an existing portable phone terminal. 
On the other hand, when the radio wave in the second frequency 
band is received, the function of the terminal is switched 
to the function of the automatic toll collection unit by 
the control unit. As a result, the terminal functions as 
an on-boardmachine in the electronic toll collection system. 

As described above, in the present invention, since 
one portable terminal has the function as the portable phone 
terminal, and the function as the on-board machine in the 
electronic toll collection system, the on-board machine in 
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the electronic toll collection system can be substantially 
popularized, taking advantage of the portable phone terminal 
which boasts of remarkable coverage. Hence, the electronic 
toll collection system can be easily established as the 
infrastructure. The present invention is also capable of 
appropriating or sharing the parts with the existing portable 
phone terminal. Thus, the ETC on-board machine can be 
downsized at a low cost as compared to the conventional ETC 
on-board machine 2 (see Fig. 7) . 

The portable terminal of the present invention also 
comprises a read/write control unit (corresponding to an 
IC card reader /writer 130 in one embodiment described below) 
which controls read and write of the automatic toll 
collection information with respect to a recording medium 
used in the electronic toll collection system. 

According to this invention, since the portable 
terminal comprises the read/write control unit, it can 
perform read and write from/to a recording medium used in 
the existing electronic toll collection system, thereby 
improving the user-friendliness. 

The portable terminal of the present invention also 
comprises a display unit (corresponding to a display 101 
in one embodiment described below) which can display both 
the information related to the portable phone and the 
automatic toll collection information. • • 
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• According to this invention, since both the 
information related to the portable phone and the automatic 
toll collection information are displayed on the display 
unit, the display unit in the existing portable phone 
terminal can be appropriated as a common part. Thus, the 
ETC on-board machine can be downsized at a low cost as compared 
to the conventional ETC on-board machine 2 (see Fig. 7) . 

The portable terminal of the present invention also 
comprises a notification unit (corresponding to the common 
control section 141, the display 101 and a speaker 108 in 
one embodiment described below) which monitors at least the 
insertion state of the recording medium and notifies that 
the recording medium is not inserted when such a state is 
monitored. 

According to this invention, when the recording medium 
is not inserted, the uninserted state is notified by the 
notification unit. Thus, such a situation that the 
electronic toll collection system cannot be used due to 
forgotten insertion can be avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view which explains the 
electronic toll - collection system; Fig. 2 is a diagram 
showing the appearance and construction of one embodiment 
according to the present invention; Fig. 3 is a block diagram 



showing the electric structure in one embodiment; Fig. 4 
is a flowchart which explains the operation in one 
embodiment; Fig. 5 is a state transition diagram which 
explains the operation in one embodiment; Fig. 6 is a diagram 
which explains the outline of the conventional electronic 
toll collection system; Fig. 7 is a perspective view which 
shows the appearance and construction of the ETC on-board 
.machine 2 shown in Fig. 6; and Fig. 8 is a plan view which 
.shows the construction of the IC card 3 shown in Fig. 6. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will now be explained in detail 
with reference to the accompanying drawings. 

At first, the electronic toll collection system will 
be explained in detail with reference to Fig . 1 . This figure 
shows a tollgate of a toll road in which the electronic toll 
collection system is adopted. At the entrance IN of this 
tollgate, an entry lane 10 is a driving lane for vehicles 
which cannot use the electronic toll collection system. A 
ticket machine 11 is installed near the entry lane 10 and 
issues a pass. Each vehicle on the entry lane 10 stops 
temporarily at the position of the ticket machine 11 . Then, 
the driver of each vehicle receives the pass issued by the 
ticket machine 11, starts the vehicle and travels the toll 
road. 
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An ETC exclusive entry lane 20 is arranged next to 
the entry lane 10 side by side, and is a driving lane for 
vehicles which can use the electronic toll collection system. 
An ETC roadside radio equipment 50 and an ETC roadside radio 
equipment 60 are disposed immediately above this ETC 
exclusive entry lane 20 when viewed from the entry side. 
The ETC roadside radio equipment 50 performs radio 
communication by the full duplex communication system using 
a radio wave in the 5.8 GHz band, in the same manner as the 
above-described ETC roadside radio equipment 4 (see Fig. 
.6) . Specifically, the ETC roadside radio equipment 50 
transmits the entrance information towards a range 
immediately below (hereinafter, referred to an ETC area) 
by a micro-cell method. The entrance information is the 
information comprising the name of the tollgate and the date 
when the vehicle passes the entrance IN. 

The ETC roadside radio equipment 60 is arranged 
immediately above the ETC exclusive entry lane 20, and ahead 
of the ETC roadside radio equipment 50, and performs radio 
communication by the full duplex communication system using 
a radio wave in the 5.8 GHz band. Specifically, the ETC 
roadside radio equipment 60 transmits the route information 
towards the ETC area immediately below by the micro-cell 
method. This route information is the information 
indicating the traffic route of the vehicle. 
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On the other hand, at the exit OUT of the tollgate, 
an ETC exclusive exit lane 30 is a driving lane for vehicles 
which can use the electronic toll collection system. An 
ETC roadside radio equipment 70 is disposed immediately above 
this ETC exclusive exit lane 30, The ETC roadside radio 
equipment 70 performs radio communication by the full duplex 
communication system using a radio wave in the 5 . 8 GHz band. 
Specifically, the ETC roadside radio equipment 70 transmits 
the exit information towards the ETC area immediately below 
by the micro-cell method. The exit information is the 
information comprising the name of the tollgate and the date 
when the vehicle passes the exit. 

The ETC roadside radio equipment 70 receives the 
entrance information from the vehicle passing the ETC 
exclusive exit lane 30, and transmits this information to 
a toll calculation computer 80 online. This toll 
calculation computer 80 is installed at the tollgate, and 
calculates the toll from the entrance information, the route 
information and the exit information, and then automatically 
deducts the amount of use from the bank account of the user. 
The toll calculation computer 80 also transmits the amount 
of the toll of the toll road, the date of use, the balance 
in the bank account after deduction, and the date of balance 
inquiry, to the ETC roadside radio equipment 70 online as 
the use amount information. The ETC roadside radio 
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equipment 70 transmits the use amount information from the 
toll calculation computer 80 towards the ETC area immediately 
below. 

The exit lane 40 is arranged next to the ETC exclusive 
exit lane 30 side by side, and is a driving lane for vehicles 
which cannot use the electronic toll collection system. A 
toll collecting booth 41 is installed near the exit lane 
40/ which is a stand-by booth for an attendant who collects 
the toll . Each vehicle on the exit lane 40 stops temporarily 
at the position of the toll collecting booth 41. Then, the 
driver of each vehicle hands the pass to the attendant, and 
confirms the toll displayed on a display board (not shown) . 
The driver hands over the amount of toll of the toll road 
to the attendant, starts the vehicle and goes down the 
ordinary road (free road). 

A portable phone radio base station 90 is connected 
to a portable phone network (not shown) , and communicates 
with portable phone terminals existing in the area which 
is covered by this base station, using radio waves in the 
80 MHz band or in 1.5 GHz band. 

The construction of one embodiment applied in the 
above-described electronic toll collection system will now 
be explained with reference to Fig. 2 and Fig. 3. Fig. 2 
is a diagram showing the appearance and construction of one 
embodiment. Fig. 3 is a block diagram showing the electric 
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structure of one embodiment. A portable terminal 100 shown 
in Fig. 2 (a) has both a function as the ETC on-board machine 
2 (see Fig. 7) in the electronic toll collection system and 
a function as a portable phone terminal, and is carried by 
a driver of a vehicle traveling a toll road. The shape of 
the portable terminal 100 is substantially the same as that 
of an existing portable phone terminal. 

This portable, terminal 100 has a display 101 that is 
arranged on the surface 100a and displays the ETC information 
J in the electronic toll collection system (see Fig. 8) and 
communication information necessary for communication 
through the portable phone (telephone number, reception 
strength of the radio wave, incoming or outgoing message, 
etc.) . Ten keys 102 are arranged below the display 101 in 
the figure and on the surface 100a, and are composed of keys 
"0" to "9", "*" and "#" used for the input of telephone numbers 
or the like. 

A power button 103 is a button pressed at the time 
of turning on/off the power. A transmission button 104 is 
a button pressed at the time of making or. receiving a call 
in the portable phone . An end button 105 is a button pressed 
at the time of finishing a call in the portable phone. An 
ETC button 106 is a button to be pressed when the mode of 
the portable terminal 100 is changed from the portable phone 
mode to an ETC/portable phone mode. 
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The above-described portable phone mode is a mode in 
which the portable terminal 100 functions as a portable phone 
terminal. On the other hand, the ETC/portable phone mode 
is a mode in which the portable terminal 100 functions as 
the ETC on-board machine 2 (see Fig. 7) in the electronic 
toll collection system and as a portable phone terminal. 

A microphone 107 is arranged on the surface 100a below 
the ten keys 102, which is for communication in the- portable 
phone. A speaker 108 1s arranged on the surface 100a above 
the display 101, which is used for communication in the 
portable phone and playing various message sounds. An 
antenna for portable phone 109 is an antenna dedicated to 
the portable phone, and transmits or receives communication 
information to/from the portable phone radio base station 
90 shown in Fig. 1, using the radio wave in the 800 MHz band 
or 1.5 GHz band. 

An ETC antenna 110 is an antenna dedicated to the 
electronic toll collection system, and transmits or receives 
the ETC information J (see Fig. 8) to/from the ETC roadside 
radio equipments 50, 60 and 70 shown in Fig. 1, using the 
radio wave in the 5.8 GHz band. In Fig. 2(b), an IC card 
insertion slot 100c is formed on the right side 100b of the 
portable terminal 100 in its longitudinal direction. An 
IC card 3 (see Fig. 8) is inserted into this IC card insertion 
slot 100c. In this inserted state, an IC 3b of the IC card 



18 



3 is electrically connected to the portable terminal 100. 

The electric structure of the above -de scribed portable 
terminal 100 will now be explained with reference to Fig, 
3 . In Fig . 3 , the same reference symbol is giventoaportion 
corresponding to each section in Figs. 2(a) and 2(b), and 
the explanation thereof is omitted . InFig. 3, apowersource 
111 is a secondary battery such as a lithium ion battery, 
and supplies power to each section of the apparatus. 

A portable phone section 120 is mainly composed of 
elements related to a portable phone . In this portable phone 
section 120, a portable phone control section 121 controls 
each section in the portable phone at the time of making 
a call, receiving a call, talking over the phone or ending 
the call. A ten key control section 122 controls the ten 
keys 102, and outputs a signal corresponding to a key pressed 
in the ten keys 102 to the portable phone control section 
121 . A display control section 12 3 performs display control 
in the display 101. A power supply control section 124 
performs control at the time of supplying power from the 
power source 111 to each section. 

An IC card reader /writer 130 is arranged in the vicinity 
of the IC card insertion slot 100c (see Fig. 2(b)), which 
reads the ETC information J (see Fig. 8) from the IC card 
3 (IC 3b) inserted into the IC card insertion slot 100c, 
and writes the ETC information J in the IC card 3. In this 




IC card reader /writer 130, the read/write section 131 reads 
the ETC information J from the IC card 3 (IC 3b) , and writes 
the ETC information J in the IC card 3 (IC 3b) . The data 
processing section 132 processes the data in the read/write 
section 131. 

A common section 140 comprises elements commonly used 
for the portable phone and the electronic toll collection 
system. In this common section 14 0, a common control section 
141 performs control related to the both functions, when 
the portable terminal 100 functions as the portable phone 
terminal and when the portable terminal 100 functions as 
the ETC on-board machine 2 (see Fig. 7) . The details of 
the operation of this common control section 141 will be 
explained later. 

A portable phone transmission section 142 is a 
transmission section dedicated to the portable phone, which 
modulates a communication signal related to the portable 
phone and transmits the modulated signal as a radio wave 
in the 800 MHz or 1 . 5 GHz band via the portable phone antenna 
109. A portable phone reception section 143 is a reception 
section dedicated to the portable phone, which receives the 
radio wave related to the portable phone in the 800 MHz or 
1.5 GHz band via the portable phone antenna 109 and 
demodulates this signal, in the same manner as the portable 
phone transmission section 142. 
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An ETC transmission section 144 is a transmission 
section dedicated to the electronic toll collection system, 
which transmits the ETC information J as a radio wave in 
the 5.8 GHz band via the ETC antenna 110, in the same manner 
as the ETC on-board machine 2 (see Fig. 7) . An ETC reception 
section 145 is a reception section dedicated to the 
electronic toll collection system, which receives the radio 
wave in -the -5. 8 -GHz band related to the ETC information. J 
via the ETC antenna 110 . A switching device 14 6, a switching 
device 147 and a switching device 148 are controlled by the 
common control section 141 to perform switching between the 
portable phone antenna 109 and the ETC antenna 110. 

The operation in one embodiment will now be explained 
with reference toi a flowchart shown in Fig. 4 . The operation 
in the case in which a vehicle M shown in Fig. 1 passes an 
entrance IN, travels a toll road, and passes an exit - OUT 
will be explained below. At the time of passing the exit 
OUT, the tollgate shown in the figure is assumed to be another 
tollgate. It is also assumed that the vehicle M traveling 
the ETC exclusive entry lane 20 is equipped with the portable 
terminal 100 and the IC card 3 (see Figs. 2(a) and 2(b)). 

In such assumption, when the driver of the vehicle 
M presses the power button 103 shown in Fig . 2 (a) , the portable 
phone control section 121 shown in Fig. 3 proceeds to step 
SA1 shown in Fig. 4 . At step SA1, the portable phone control 
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section 121 instructs the power supply control section 124 
to perform power supply control. The power supply control 
section 124 performs coptrol so as to supply power from the 
power source 111 to each section. Thereby, the portable 
5 terminal 100 is activated. 

At next step SA2, the common control section 141 
determines whether the mode of the portable terminal 100 
is the above-described ETC/portable-phone mode or not- Here, 
when the portable terminal 100 is in the state 5 or state 
10 8 shown in Fig. 5, the. common control section 141 determines 
that the portable terminal 100 is in the ETC/portable phone 
mode . 

That is to say, as in the state 5 or state 8, when 
-the IC card 3 has been inserted into the IC card reader /writer 
15 130 (the IC card insertion slot 100c) and the ETC button 
106 has been pressed, it is determined that the portable 
terminal 100 is in the ETC/portable phone mode. 

As shown in the state 5, even if the mode of the portable 
terminal 100 is in the ETC/portable phone mode, when the 
20 vehicle M is located outside the ETC area of the ETC roadside • 
radio equipment 50, 60 or 70, the portable terminal 100 does 
not function as the ETC on-board machine . On'the other hand, 
as shown in the state 8 , when the mode of the portable terminal 
100 is in the ETC/portable phone mode and the vehicle M is 
25 located within, the ETC area, the portable terminal 100 
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functions as the ETC on-board machine. 

In the case of the states 1 to 4, 6 and 7 shown in 
Fig. 5, it is determined that the portable terminal 100 is 
in the portable phone mode. That is to say, in the state 

1, the IC card 3 has not been inserted, and the ETC button 
106has notbeenpressed. In this case, the portable terminal 
100 does not function as the ETC on-board machine, but 
functions only as the portable phone terminal . In the state 

2, the IC card 3 has been inserted into the IC card 
reader/writer 130, but the ETC button 106 has not beenpressed. 
In this case, the portable terminal 100 does not function 
as the ETC on-board machine, but functions only as the 
portable phone terminal. 

In the state 3, the IC card 3 has not been inserted, 
but the ETC button 106 has been pressed. In this case, the 
portable terminal 100 does not function as the ETC on-board 
machine, but functions only as the portable phone terminal. 
In the state 4, the IC card has not been inserted into the 
IC card reader /writer 130, and the ETC button 106 has not 
been pressed. In this case, even if the vehicle M is located 
in the ETC area, the portable terminal 100 does not function 
as the ETC on-board machine, but functions only as the 
portable phone terminal. 

In the state 6, the IC card 3 has not been inserted, 
but the ETC button 106 has been pressed. In this case, even 



23 



if the vehicle M is located in the ETC area, the portable 
terminal 100 does not function as the ETC on-board machine, 
but functions only as the portable phone terminal. In the 
state 7, the IC card 3 has been inserted into the IC card 
reader/writer 130, but the ETCbutton 106has not been pressed . 
In this case, even if the vehicle M is located , in the ETC 
area, the portable terminal 100 does not function as the 
ETC on-board machine , but functions only as the portable 
phone terminal. 

In this case, the state of the portable terminal 100 
in the vehicle M traveling on the ETC exclusive entry lane 
20 shown in Fig. 1 is assumed to be the state 5 shown in 
Fig. 5. That is, in the portable terminal 100, the IC card 
has been inserted into the IC card reader /writer 130, and 
the ETC button 106 has been pressed. It is also assumed 
that the vehicle M is located outside the ETC area immediately 
below the ETC roadside radio equipment 50 shown in Fig. 1. 
Therefore, in this case, since the mode of the portable 
terminal 100 is the ETC/portable phone mode, the common 
control section 141 determines that the determination result 
at step SA2,is "Yes", and proceeds to step SA6. 

On the other hand, when the determination result at 
step SA2 is "No", that is, the mode of the portable terminal 
100 is the portable phone mode, the common control section 
141 proceeds to step SA3 . At step SA3, the common control 



section 141 determines whether the ETC button 106 has been 
pressed or not, and when this determination result is "No", 
the common control section 141 proceeds to step SA6. When 
the determination result at step SA 3 is "Yes", the common 
control section 141 proceeds to step SA4 . 

At step SA4, the common control section 141 determines 
whether the IC card 3 has been inserted into the IC card 
reader/writer 130, based on the insertion state signal from 
the data processing section 132. When this determination 
result is "No", the common control section 141 proceeds to 
step SA14 . The insertion state signal is a signal indicating 
whether the IC card 3 has been inserted into the IC card 
reader /writer 130. At step SA14 , the common control section 
141 instructs the portable phone section 120 to display a 
message indicating that the IC card has not been inserted 
into the portable phone section 120, and returns to step 
SA2 . 

Thereby, the portable phone control section 121 makes 
such a message as "The IC card has not been inserted" display 
on the display 101 via the display control section 123. On 
the other hand, when the determination result at step SA4 
is "Yes", the common control section 141 changes the mode 
of the portable terminal 100 from the portable phone mode 
to the ETC/portable phone mode at step SA5 and proceeds to 
step SA6. 




At step SA6, the common control section 141 determines 
whether the portable phone reception section 143 or the ETC 
reception section .145 has received the radio wave or not 
via the portable phone antenna 109 or the ETC antenna 110. 
In this case, when it is assumed that the determination result 
is "No", that is, the portable terminal 100 is in a reception 
waiting state, the common control section 141 determines 
that the determination result at step SA6 is "No" , and returns 
to step SA2 to repeat the above-described operation. 

In the reception waiting state, the common control 
section 141 controls switching of the switching device 146 
to the switching device 148, and switching of the switching 
device 147 to the switching device 148 . Further, the common 
control section 141 controls switching of the switching 
device 148 alternately to the portable phone reception 
section 143 and the ETC reception section 145. 

When the vehicle M traveling on the ETC exclusive entry 
lane 20 shown in Fig. 1 is located in the ETC area immediately 
below the ETC roadside radio equipment 50, the ETC reception 
section 145 receives the radio wave in the 5.8 GHz band from 
the ETC roadside radio equipment 50 via the ETC antenna lib, 
the switching device 147 and the switching device 148. 
Thereby, the common control section .141 determines that the 
determination result at step SA6 is "Yes", and proceeds to 
step SA7 . 
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At step SA7, the common control section 141 receives 
the ETC information from the ETC roadside radio equipment 
50 (in this case, route information) , and proceeds to step 
SA8 • At step SA8 , the common control section 141 determines 
the information type of the ETC information. In this case, 
since the ETC information is the route information, the 
common control section 141 proceeds to step SA9 . At step 
. SA9, the common control section 141 transmits the route 
information to the data processing section 132, and returns 
to step SA2 to repeat the above-described operation. As 
a result, the read/write section 131 writes the route 
information in the IC card 3 (IC 3b) shown in Fig. 8. 

When the vehicle M traveling on the ETC exclusive entry 
lane 20 shown in Fig. 1 is located in the ETC area immediately 
below the ETC roadside radio equipment 60, the ETC reception 
section 145 receives the radio wave in the 5.8 GHz band from 
the ETC roadside radio equipment 60 via the ETC antenna 110, 
the switching device 147 and the switching device 148. 
Thereby, the common control section 141 determines that the 
determination result at step SA6 is "Yes", and proceeds to 
step SA7 . 

At'step SA7, the common control section 141 receives 
the ETC information from the ETC roadside radio equipment 
60 (in this case, entrance information) , and proceeds to 
step SA8 . At step SA8, the common control section 141 
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determines the information type of the ETC information. In 
this case/ since the ETC information is the entrance 
information, the common control section 141 proceeds to step 
SA10 . At step SA10, the common control section 141 transmits 
the entrance information to the data processing section 132, 
and returns to step SA2 to repeat the above-described 
operation. As a result, the read/write section 131 writes 
the entrance information in the IC card 3 (IC 3b) shown in 
Fig. 8. 

In this manner, the vehicle M enters into the toll 
road without stopping in the ETC exclusive entry lane 20. 
Thereafter, the vehicle M travels the toll road towards the 
exit OUT of another tollgate. When the vehicle M enters 
into the ETC exclusive exit lane 30 in the exit OUT of another 
tollgate and is located in the ETC area immediately below 
the ETC roadside radio equipment 70, the ETC reception 
section 145 receives the radio wave in the 5.8 GHz band from 
the ETC roadside radio equipment 70 via the ETC antenna 110, 
the switching device 147 and the switching device 148. 
Thereby, the common control section 141 determines that the 
determination result at step SA6 is "Yes", and proceeds to 
step SA7 . 

At step SA7, the common control section 141 receives 
the ETC information from the ETC roadside radio equipment 
70 (in this case, exit information), and proceeds to step 
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SA8 . At step SA8, the common control section 141 determines 
the information type of the ETC information. In this case, 
since the ETC information is the exit information, the common 
control section 141 proceeds to step SAIL At step SA11, 
the common control section 141 issues an instruction to the 
data processing section 132 to read the entrance information 
and the route information from the IC card 3 (IC 3b) . The 
read/write section 131 reads the entrance information .and 
the route information from the I C card 3 ( IC 3b) , and transmits 
these information to the common control section 141 via the 
data processing section 132,. 

Thereby, the common control section 141 controls 
switching of the switching device 147 to the ETC transmission 
section 144 side, and transmits the entrance information 
and the route information to the ETC transmission section 
144 . As a result, the ETC transmission section 144 transmits 
the entrance information and the route information via the 
switching device 147 and the ETC antenna 110 to the ETC 
roadside radio equipment 70. After this transmission has 
been completed, the common control section 141 controls 
switching of the switching device 147 to the switching device 
148 side, andproceeds to step SA12 . At step SA12, the common 
control section 141 determines whether the ETC reception 
section 145 has received the use amount information from 
the ETC roadside radio equipment 70 . In this case, the common 
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control section 141 determines that the determination result 
is "No", and repeats the determination. 

The entrance information and the route information 
transmitted from the ETC antenna 110 are received by the 
ETC roadside radio equipment 70. Thereby, the ETC roadside 
radio equipment 70 transmits the entrance information and 
the route information to the toll calculation computer 80 
online. The toll calculation computer 80 calculates the 
amount of toll of the toll road for the vehicle M, based 
on the entrance information, the route information and the 
exit information, and then automatically deducts the amount 
of use from the bank account of the user. The toll 
calculation computer 80 then transmits the amount of use 
and the balance in the bank account after the deduction as 
the use amount information to the ETC roadside radio 
equipment 70 online. 

As a result, the ETC roadside radio equipment 70 
transmits the use amount information to the vehicle M located 
immediately below (in the ETC area) . The use amount 
information is then received, by the ETC reception section 
145 via the ETC antenna 110, the switching device 147 and 
the switching device 148. As a result, the common control 
section 141 determines that the determination result at step 
SA12 is "Yes", and proceeds to step SA13. 

At step SA 13, the common control section 141 transmits 
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the exit information and the use amount information to the 
data processing section 132. Thereby, the read/write 
section 131 writes the exit information and the use amount 
information in the IC card 3 (IC 3b) shown in Fig. 8. The 
common control section 141 issues an instruction to the 
portable phone control section 121 to display the use amount 
information on the display 101, and returns to step SA2 to 
repeat the above-described operation. 

Accordingly, the portable phone control section 121 
makes the display control section 123 display a use amount 
message, for example, "The amount of use is ¥1, 500", on the 
display 101. In this manner, the vehicle M travels from 
the toll road to the ordinary road without stopping in the 
ETC exclusive exit lane 30. 

When the radio wave in the 800 MHz band or 1.5 GHz 
band is transmitted from the portable phone radio base 
station 90 to the portable terminal 100, the radio wave is 
received by the portable phone reception section 143 via 
the portable phone antenna 109, the switching device 146 
and the switching device 148 . As a result, the common control 
section 141 determines that the determination result at step 
SA6 is "Yes". In this case, since the frequency band of 
the received radio wave is a frequency band excluding the 
5.8 GHz band (800 MHz or 1.5 GHz) , the common control section 
141 proceeds to step SA15. 
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At step SA15, the common control section 141 makes 
the portable phone control section 121 per form communication 
processing. Thereby, the portable phone control section 
121 makes playing sound indicating an arrival of a call by 
the speaker 108. When the driver presses the transmission 
button 104, a radio link for the portable phone is formed 
between the portable terminal 100 and the portable phone 
radio bas e. station 90 . _ Thereaf ter, the driver- talks over 
the phone as with the existing portable phone terminal, and 
whenhe presses the endbutton 105, the portable phone control 
section 121 terminates the communication processing. 
Thereby, the common control section 141 returns to step SA2 
to repeat the above-described operation. 

As explained above , according to one embodiment , since 
one portable terminal 100 has both the function as the 
portable phone terminal and the function as the ETC on-board 
machine 2 (see. Fig. 7) in the electronic toll collection 
system, the on-board machine of the electronic toll 
collection system can be substantially popularized, taking 
advantage of the portable phone terminal which boasts of 
remarkable coverage . Hence, the electronic toll collection 
system can be easily established as the infrastructure. 

According to one embodiment, it is also possible to 
appropriate or share the parts with the existing portable 
phone terminal. Thus, the ETC on-board machine can be 
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downsized at a low cost as compared to the conventional ETC 
'on-board machine 2 (see Fig. 7). 

According to one embodiment, the portable terminal 
also is provided with the IC card reader /writer 130, so that 
the portable terminal 100 can perform read and write of the 
IC card 3 used in the existing electronic toll collection 
system, thereby improving the user- friendliness . 

According to one embodiment, since- both the 
information related to the portable phone and the ETC 
information J are displayed on the display 101, the display 
in the existing portable phone terminal can be appropriated 
as a common part. As a result, the ETC on-board machine 
can be downsized at a low cost as compared to the conventional 
ETC on-board machine 2 (see Fig. 7) . 

In addition, according to one embodiment, when the 
IC card 3 is in the uninserted state, such a state is notified 
to the user. Thereby, such a situation that the electronic 
toll collection system cannot be used due to forgotten 
insertion can be avoided. 

One embodiment of the present invention has been 
explained in detail with reference to the drawings, but the 
specific construction thereof is not limited to this one 
embodiment, and various design changes are also included 
in the present invention without departing from the gist 
of the present invention. In one embodiment, an example, 
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in which one portable terminal has the function of the ETC 
on-board machine 2 in the electronic toll collection system 
(see Fig. 7) and the function of the portable phone terminal, 
has been explained, but the function of the ETC on-board 
machine 2 may be included in a personal portable 
information-processing equipment referred to as PDA 
(Personal Digital Assistants) . 

In one embodiment, an example, in which a message 
indicating that the IC card has not been inserted yet is 
displayed on the display 101 at step SA14 , has been explained, 
but this matter may be informed to the user by a sound from 
the speaker 108 under control- of the common control section 
141 . 

As described above, according to the present invention, 
one portable terminal has both the function as the portable 
phone terminal and the function as the on-board machine in 
the electronic toll collection system, the on-board machine 
in the electronic toll collection system can be substantially 
popularized, taking advantage of the portable phone terminal 
which boasts of remarkable coverage . Hence, there is the 
effect that the electronic toll collection system can be 
easily established as the infrastructure. 

Since it is also possible to appropriate or share the 
parts with the existing portable phone terminal, there is 
the effect that the ETC on-board machine can be downsized 



at a low cost as compared to the conventional ETC on-board 
machine 2 (see Fig. 7) . 

According to the present invention, since the portable 
terminal also comprises the read/write control unit, so that 
ETC on-board machine can be downsized at a low cost as medium 
used in the existing electronic toll collection system, there 
is the effect that the user-friendliness is improved. 

.According to the present invention, since both the 
information related to the portable phone and the automatic 
toll collection information are displayed on the display 
unit, the display unit in the existing portable phone 
terminal can be appropriated as a common part. Thus, there 
is the effect that the- portable terminal can be downsized 
at a low cost as compared to the conventional ETC on-board 
machine 2 (see Fig. 7) . 

According to the present invention, when a recording 
medium has not been inserted, such a state is notified to 
the user by the notification unit . Thus, there is the effect 
that such a situation that the electronic toll collection 
system cannot be used due to forgotten insertion can be 
avoided. 

INDUSTRIAL APPLICABILITY 

As explained above, the portable phone according to 
the present invention comprises a function as a portable 
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phone terminal having high coverage, as well as a function 
as an .onri^ard machine in the electronic toll collection 
system, and hence the electronic toll collection system can 
be established as the infrastructure. As a result, it is 
useful to alleviate traffic jams. 



